For some coronal mass ejections (CMEs), their interaction with the ambient solar wind can produce a forward-reverse shock pair. The high-speed mass ejecta compresses the plasma near the top of the CME on both sides of the tangential discontinuity which separates the CME plasma from the ambient solar wind plasma. The front of the compressed CME plasma propagates in the reverse direction relative to the ejecta flow, it may steepen to from a reverse slow shock. 
Introduction
The possible existence of forward slow shocks preceding some coronal mass ejections (CMEs) has been suggested by Whang [1987] and by Hundhausen et al. [1987] .
Whang also showed that transition from a traveling forward slow shock to a forward fast shock can take place in interplanetary space. This paper suggests that a reverse slow shock associated with CMEs can form under some circumstances, and it shows that when such a shock is present it will evolve into reverse fast shock. shock if A is greater than 1. In coronal space, the Alfven speed is on the order of 1000 km/s. If a forward MHD shock forms preceding the compressed ambient plasma shell associated with the CME, the shock Alfven number can be less than 1 and the shock can be a forward slow shock.
The solutions of magnetohydrodynamic (MHD)
The plasma density p, the thermal pressure p, and the total pressure p* (the sum of the thermal Copyright 1988 by the American Geophysical Union. We may call the ejected material the CME plasma which is separated from the solar wind plasma in the background corona by a tangential discontinuity.
The large momentum of the highspeed mass ejecta exerts an excessive pressure on the ambient plasma shell in a narrow region in front of the CME. This causes a sudden increase Fig. 1 . The direct impact of high-speed mass ejecta on the ambient solar wind compress the plasma near the top of CME on both sides of the tangential discontinuity. This interaction produces a forward shock preceding the CME and a reverse shock in the CME plasma closely behind the leading edge. across the boundary surface of the CME plasma as the shock intersects with the boundary. This requires that the reverse shock must extend to the solar wind outside of the tangential discontinuity.
The dynamical equilibrium of the solar wind flow field in the neighborhood of the ejecta has to be maintained in such a way that this boundary condition be satisfied.
In Figure  2 , we use an r,t diagram to demonstrate the and on the Solar Maximum Mission satellite.
The ' forward-reverse shock pair near the top of a CME. observed flattening of the tops of some mass ejection loops suggests the possible existence of traveling forward slow shocks immediately in front of some CMEs. Their study of the observed speeds for the outward motion of CMEs shows that the speed at which a CME is overtaking the ambient coronal plasma is less than the Alfven speed but greater than the sound speed for many (probably most) observed CMEs. This also supports the possible existence of forward slow shocks. In response to the large pressure in the compressed ambient plasma shell, the CME plasma immediately behind the tangential discontinuity is also decelerated, compressed and heated. This compressed CME plasma is confined in a narrow leading edge region bounded by the tangential discontinuity on the forward side and by a pressure front on the reverse side. The pressure front propagates in the reverse direction relative to the motion of the ejected material. Due to greater wave propagation speed on the side of the compressed CME plasma at the pressure front, the pressure profile and the flow speed profile steepen to form a reverse MHD shock as the CME moves outward from the Sun.
The ejected CME plasma carrying a strong magnetic field is a low-• plasma in which the slow mode magnetoacoustic speed C s is much less than the Alfven speed a. The reverse shock associated with CME can be a slow shock if the normal component of the relative shock speed U n As mass ejections sweep through the corona, a tangential discontinuity separates the CME plasma from the solar wind in the background corona, a reverse slow shock propagates in the region of CME plasma, while a forward shock propagates in which precedes a CME to a forward fast shock has been discussed by Whang [1987] . The reverse slow shock may also evolve into a reverse fast shock.
The onset for the transition of reverse slow shocks may take place at the tangential discontinuity which is the boundary between the CME plasma and the ambient solar wind, inside the boundary, or outside the boundary. where the shock angle equals 0 ø. At the onset of the transition process the reverse slow shock smoothly converts to a system consisting of a reverse slow shock, a very weak reverse rotational discontinuity (an Alfven wave), and a very weak reverse fast shock (a fast MHD wave). A smooth conversion requires that at the onset of transition the three discontinuity surfaces (the slow shock, the weak rotational discontinuity and the weak fast shock) move at the same speed.
Whang [1987, 1988] Occurrence of Transition at the Boundary of CMEs Figure 1 shows that a reverse slow shock in the CME plasma extend to the ambient solar wind outside of the tangential discontinuity surface. the CME, the boundary surface must deflect by a small angle at the location where the reverse slow shock intersects the tangential discontinuity.
The flow pattern near the deflection point of the boundary in the ambient solar wind may consists of a reverse slow shock, a reverse rotational discontinuity, and a reverse fast shock. Depending on the physical properties outside the CME boundary, the slow (fast) shock can be replaced by a continuous centered slow (fast) expansion wave. As the cluster consisting of the cloud and the shock pair moves outward from the Sun, the decrease in the Alfven speed can cause a possible conversion of the pattern for shocks and discontinuities near the deflection point of the boundary in the ambient solar wind from the pattern of a reverse slow followed by a reverse rotational discontinuity to that of a reverse fast shock preceded by a reverse rotational discontinuity.
Conclusions
For some coronal mass ejections (CMEs), the direct impact of the high-speed mass ejecta on the ambient solar wind can substantially compress the plasma near the leading edge of the CME on both sides of the tangential discontinuity which separates the CME plasma from the ambient solar wind plasma. This interaction can produce a forward shock preceding the CME and a reverse slow shock in the CME plasma closely behind the Eventually, the reverse shock exits the cloud to become detached from the magnetic cloud. The cloud is now wrapped around by an interaction region which is itself bound by a pair of 
